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RESUMO

Avaliou-se o efeito do processamento de geleia nas características químicas, nos nutrientes, fatores antinutricionais, compostos bioativos e atividade antioxidante de frutos de canjiqueira verdes e maduros. Os frutos foram coletados em regiões de Pantanal em dois estádios de maturação e utilizados para produzir geleias. O processamento afetou as características químicas e os níveis dos nutrientes estudados, exceto de lipídeos. A umidade e o conteúdo proteico reduziram, enquanto o valor energético aumentou. O ácido fítico detectado nos frutos frescos foi eliminado após o processamento e os níveis de inibidores trípticos reduziram, especialmente nos frutos maduros. Não foi verificada atividade de lectinas nos frutos e geleias. Os níveis dos compostos bioativos estudados reduziram após o processamento das geleias, sendo sua retenção maior nos frutos verdes. Os níveis de compostos bioativos na geleia de frutos verdes foram maiores que nos frutos frescos maduros, enquanto o valor de IC 50 foi menor, indicando maior potencial em prevenir danos à saúde causados pelos radicais livres. A geleia se mostrou uma boa alternativa para utilização dos frutos de canjiqueira, devido à redução dos fatores antinutricionais e à retenção dos compostos bioativos.
INTRODUCTION
Byrsonima cydoniifolia A. Juss., locally called canjiqueira, is a Malpighiaceae very common in Pantanal, where it is found under different ecological conditions. It can be found in dry and flooded soils (SANTOS et al., 2008) . This species can form large clusters called canjiqueirais, which favor the fruit harvest by rural communities, who used them to make juice (DAMASCENO JÚNIOR & SOUZA, 2010) .
There is a potential and growing market for the use of native fruits in diet, but it is under-utilized by local communities, and the fruits are explored only (RIBEIRO & RODRIGUES, 2006) . Reports about their nutritional properties can improve their use and build up a new source of nutrients and market for rural communities of the Pantanal region. Some studies have showed that diets rich in antioxidant compounds contribute to reduce the incidence of chronic diseases (GONZALEZ, 2006 effect is related to physiologically active substances such as carotenoids, vitamins, phenolic compounds, and minerals (MORAES & COLLA, 2006) . Great attention has been given to fruits in general because of the incidence of antioxidant compounds, but data about the effects of processing, the antioxidant capacity, such as those of jelly processing, are still scarce (KIM & PADILLA-ZAKOUR, 2004) .
Processing cause nutritional changes in foods, but it also makes them more sensorially appealing to the consumers and increases their shelf life (SILVA et al., 2006) . Processing can affect the levels of some bioactive compounds of fruits and vegetables due to the exposure to oxygen and long periods of high temperature (RODRIGUEZ-AMAYA, 1999) . There are many studies on the effects of processing on food nutrients, but papers involving the retention of bioactive compounds are recent and data on native fruits are scarce.
The objectives of this research were (1) to study the effect of jelly processing on chemical characteristics, nutrients, and antinutritional factors of unripe and ripe canjiqueira fruits and (2) to evaluate the retention of bioactive compounds and the antioxidant properties of unripe and ripe canjiqueira fruits submitted to jelly processing.
MATERIAL AND METHODS
Canjiqueira fruits were harvested in Pantanal regions (19º34'37" S; 57º00'42" W) in the state of Mato Grosso do Sul at two ripening stages based on the fruit skin color: unripe (green) and ripe (yellow). Three batches of sixty fruits from each stage of maturity were randomly selected, washed, and sanitized with a sodium hypochlorite solution (200μg mL -1 ). After removing the seeds using a stainless steel knife, the pulp was crushed. The pulps were obtained in triplicate and were used to produce canjiqueira jellies at a fruit pulp: sucrose ratio of 40:60 (w/w) in triplicate. Approximately 200g of each pulp were homogenized in a blender with 200g of water and heated until it began to boil, when 300g of sucrose was added. The boiling continued for about 8 minutes, until the soluble solids content of 68°Brix was achieved. The temperature reached 104°C. After the heating was stopped, tartaric acid was added (0.80g to the unripe fruit jelly and 1.25g to ripe fruit jelly) to prevent sucrose crystallization and preserve the product. A total of 328.52g of each jelly was produced, stored in previously sterilized hot glass flasks, sealed, and cooled under running water, leaving headspace to allow for vacuum formation.
The pulp yield was calculated as the amount of pulp to produce 100g of jelly.
Soluble solids, pH, and titratable acidity of unripe and ripe fruit pulps and jellies of both stages of maturity were analyzed and compared. The soluble solids were determined using a refractometer (Hanna, HI 96801) and expressed in °Brix. The pH was measured using a digital potentiometer (Analyser, 300M), according to AOAC Method No. 981.12, and titratable acidity was determined by potentiometric titration with NaOH 0.1 M until pH 8.10, according to AOAC official method 942.15 (AOAC, 1995) . Reducing sugars (glucose), disaccharides in non-reducing sugars (sucrose), and starch were determined according to AOAC official method 31. 034-6 (AOAC, 1995) .
Parameters to estimate the effect of processing were determined in 100g of fresh and processed pulp with results expressed on fresh weight considering that 100g of jelly has 60.8g of fresh pulp.
The moisture content of fresh and processed pulp was determined by oven drying at 105°C for 8 hours to constant mass, according to AOAC official method 31.1.02 (AOAC, 1995) . Total nitrogen was determined by micro-Kjeldahl assay according to the AOAC official method 31.1.08 (AOAC, 1995) . Total lipids were determined by Sohxlet extraction according to the AOAC official method 31.4.02, with previously acid extraction (AOAC, 1995) . The total caloric value was estimated using the Atwater conversion values (WILSON et al., 1982) , and the results were expressed in kcal. The ash content was determined by calcination in a muffle at 550°C to constant mass, by the AOAC official method 31.1.04 (AOAC, 1995) .
Phytic acid was determined according to the method of LATTA & ESKIN (1980) , and the results were expressed as mg of phytic acid 100g -1 of sample. The levels of trypsin inhibitors were determined by enzymatic assay with bovine trypsin and substrate N'-benzoyl-DL-arginine-paranitroanilide (BAPNA). The pre-incubation medium consisted of a 0.05 M Tris-HCl buffer, pH 8.0; bovine trypsin; and different concentrations of the extracts (1 to 10 mg). Preincubation was performed in a water bath at 37°C followed by the addition of BAPNA reagent. The reaction stopped with the addition of 30% acetic acid. The p-nitro aniline formation was measured spectrophotometrically at 410nm (FEMTO, 482) , and the results were expressed as inhibitor units (UI) mg -1 (MACEDO et al., 2003) . Hemagglutination assays (lectin) were performed in microtitre plates using serial dilutions of 50mL of 0.15M NaCl, 50μL of total extracts, and 50μL of a 2% suspension of human erythrocytes type A (FREIRE et al., 2002) .
The ascorbic acid content was determined by titration with 2,6 dichlorophenolindophenol according to the AOAC official method 967.21 (AOAC, 1995) , and the results were expressed as mg of ascorbic acid 100g -1 of sample. Bioactive compounds extraction followed ROESLER et al. (2007) methodology. An extract of each sample in triplicate was obtained with ethanol:water (60:40 v/v) solvent. The hidroalcoholic solvent was previously defined to optimize the extraction of the bioactive compounds under study.
The total phenolics compounds were determined according to SWAIN & HILLIS (1959) using the Folin-Ciocalteu reagent, and the results were expressed as mg of gallic acid equivalents (GAE) 100g -1 of fresh pulp. Tannin content was measured by spectroscopy with Folin-Dennis reagent according to AOAC official method 952.03 (AOAC, 1995) , and the results were expressed as mg of tannic acid equivalents (TAE) 100g -1 of fresh pulp. The antioxidant and free radicalscavenging activity were measured by the DPPH method (BRAND-WILLIAMS et al., 1995) . A 3.9mL aliquot of a 0.0634mM of DPPH solution in methanol was added to 0.1mL of each extract and shaken vigorously. The tubes were placed in a warm bath at 27°C for 20min. A control reaction was prepared as described above without the extract, and methanol was used for baseline correction. Absorbance was measured at 517nm, and it curve was drawn with the different extract concentrations. The IC 50 value was defined as the concentration of sample in mg.mL -1 of fresh pulp necessary to reduce the initial DPPH concentration by 50%.
The experimental design was completely randomized in a factorial 2 x 2 (maturity stage x processing), with 3 replicates and thirty fruits for each experimental plot. The data were subjected to ANOVA, and the means were compared by the Tukey test (Origin 7.0, OriginLab, Northampton, MA) to examine significant differences between variables (P<0.05).
RESULTS AND DISCUSSION
The effects of fruit maturity stage and jelly processing on the chemical characteristics, nutrients, and antinutritional factors of canjiqueira fruits are shown in table 1. The jelly yield was 66%.
Considering the fresh pulp, the pH was higher (P<0.05) in ripe than in unripe fruits. The titratable acidity (TA) did not differ statistically, although results were lower in ripe fruits. After processing, the pH significantly reduced in unripe and ripe fruits, and it did not differ between unripe and ripe processed pulp. The TA increased as result of jelly processing (Table 1) , due to the addition of tartaric acid to improve preservation of product and gelatinization of the jelly, and it was higher (P<0.05) in unripe processed pulp.
Higher levels of soluble solids (SS) were found in fresh unripe pulp (Table 1) , which was attributed to the presence of some interfering substances in the matrix studied that could not be identified by the refratometric method used. Tannins can form complexes with proteins resulting in agglomerates and, depending on concentration of these compounds, they can form precipitates causing Table 1 -Chemical parameters, nutrients, and antinutritional factors of fresh pulp and processed pulp of unripe and ripe canjiqueira fruits. turbidity (CARVALHO et al., 2006) . This turbidity may have interfered in the refractometer reading, increasing the results of SS in unripe canjiqueira fruits. In order to know the sugar content of the samples, reducing and non-reducing sugars and starch content were determined in all samples. The levels of reducing and non-reducing sugars were significantly higher (P<0.05) in fresh ripe pulp (respectively 8.37±0.07 and 4.85±0.07g 100g -1 ) than in fresh unripe pulp (respectively 6.40±0.07 and 3.97±0.18g 100g -1 ), whereas the starch content was higher (P<0.05) in fresh unripe (3.37±0.10g 100g -1 ) than in fresh ripe (1.64±0.09g 100g -1 ) pulp. The fruit pulp sugar content interferes with the amount of sucrose to be added to reach the desired SS on jellies.
------------------------Unripe fruits ------------------------------------------------Ripe fruits ----------------------
The SS of unripe and ripe fruit jellies (Table 1 ) did not differ statistically (P>0.05) and were close to the 68°Brix value determined just after processing. The levels of SS and moisture of the jellies produced are within the minimum value of 62% soluble solids and the maximum of 38% moisture required by legislation (BRASIL, 1978) .
The levels of protein and lipids were higher (P<0.05) in fresh ripe pulp (Table 1) , when compared to those of fresh unripe pulp, but they were lower than those reported by ABADIO FINCO et al. (2012) for ripe pulp of murici (Byrsonima crassiflora) fruits (of the same family of canjiqueira fruits): 1.89 and 8.71g 100g -1 , respectively. After jelly processing, the levels of moisture, protein, and ash reduced (P<0.05) in unripe and ripe fruits, and were statistically equal in both jellies produced (Table 1 ). The lipid levels remained stable. Processing increased the energy value of fresh unripe and ripe pulps (P<0.05), due to the addition of sugar, and there was no statistical difference between the two jellies produced.
An undesirable characteristic of fresh canjiqueira fruits, detected in previously experiments on canjiqueira, is the high content of trypsin inhibitors (TI) ( Table 1) . These compounds inactivate proteolytic enzymes thus reducing the nutritional value of foods (BONETT et al., 2007) . In order to reduce their TI levels, canjiqueira fruits were submitted to jelly processing. The initial contents of TI were statistically equal in fresh unripe and ripe fruits (Table 1) . Processing reduced (P<0.05) the levels of this antinutritional factor in both samples. Unripe processed pulp showed 0.331±0.23UI mg -1 , whereas ripe processed pulp showed 0.142±0.96UI mg -1 . If consumed in high amounts, the unripe fresh fruits can reduce the bioavailability of dietary proteins and for this reason the consumption of processed fruit pulp is recommended, especially when made from ripe fruits.
The phytic acid content of fresh unripe and ripe pulps was statistical equal (P>0.05) ( Table 1 ) and higher than those reported for pulp and seed of baru (Dipteryx alata Vog), 0.27 and 0.16mg of phytic acid 100g -1 , respectively (SANO et al., 2004) . After jelly processing, the phytic acid was eliminated from unripe and ripe canjiqueira pulps. Lectin activity was not verified in any samples studied (Table 1) .
Antioxidant properties of fresh and processed unripe and ripe canjiqueira pulps are shown in table 2. The ascorbic acid content of fresh unripe and ripe canjiqueira pulps did not differ (P>0.05) and was substantially higher than that observed in murici (Byrsonima crassifolia) fresh fruits, 0.3mg 100g -1 (CANUTO et al., 2010) . Fresh unripe pulp showed higher levels of total phenols (TP) and tannins and lower values of IC 50 than those of fresh ripe pulp (Table 2) , indicating higher antioxidant capacity (AC). Fresh ripe pulp showed lower TP content than that of ripe murici (Byrsonima crassifolia) pulp, 298.26mg GAE 100 g -1 (ABADIO FINCO et al., 2012) , and lower tannin content than that reported for guarirova (Syagrus oleracea (Mart.) Becc.) pulp, 83.47mg TAE 100g -1 (NOZAKI, 2012). Table 2 -Bioactive compounds and antioxidant activity of fresh pulp and processed pulp of unripe and ripe canjiqueira fruits. The levels of total phenols (TP) were significantly higher (P<0.05) in fresh unripe pulp. Fresh unripe pulp even showed higher levels of tannins (P<0.05), and the IC 50 value of ripe canjiqueira fruits was higher than that reported for ripe murici (Byrsonima crassiflora) fruits, 6.56mg mL -1 (ABADIO FINCO et al., 2012) . Unripe processed pulp showed higher retention of AA, TP, and tannins than ripe fruit jelly. Processing reduced the antioxidant capacity of the fruit. Both unripe and ripe fruit jellies showed higher IC 50 value, which is related to lower antioxidant activity. The reduce in AA content resulting from jelly processing was previously reported by SILVA et al. (2006) in jelly made of orange juice, with 75% of retention in ascorbic acid content. Thermal processing can reduce the levels of phytochemicals due to lost of cellular integrity by enzymatic action or by factors such as light and oxygen (VOLDEN et al., 2008) .
Unripe and ripe canjiqueira fruits were submitted to the same processing conditions, but the retention and the levels of all bioactive compounds studied were higher in unripe fruits. This can be attributed to enzymatic action, which is commonly higher in ripe fruits, and can reduce the levels of some bioactive compounds. Even after jelly processing, unripe pulp maintained greater levels of bioactive compounds and better preserved the antioxidant activity than did the ripe pulp. Data showed that the consumption of unripe fruit and jelly is not advisable due to high levels of antinutritional factors. Because of the trypsin inhibitors observed in unripe fruit jelly, the bioactive compounds of this product can be recovered by isolation and used to produce nutraceutical products.
Although the jelly processing reduced the antioxidant capacity of canjiqueira fruits, thermal processing was necessary to reduce the levels of trypsin inhibitors and phytic acid observed in fresh fruits.
Future research on canjiqueira fruits should be carried out in order to introduce new accessible processing forms to add value to this fruit, reduce antinutritional factors content, and preserve the levels of nutrients and bioactive compounds as much as possible.
CONCLUSION
Jelly processing affected the chemical characteristics and the levels of nutrients of canjiqueira fruits. After processing, the levels of proteins reduced and the energy value increased.
The trypsin inhibitor activity decreased after processing, especially in ripe fruit jellies. The consumption of processed pulp is recommended to reduce the effects on protein bioavailability. No lectin activity was observed in the fruits and jellies studied, and the phytic acid was eliminated after processing.
When compared with ripe pulp, even after jelly processing, unripe pulp maintained greater levels of bioactive compounds and better preserved the antioxidant activity.
